Current diagnostic techniques are inefficient in distinguishing latent and low-risk forms of prostate cancer from high-risk forms. The present study is focused on determination of putative tumor markers of aggressive high-grade forms of prostate cancer. Potential markers were determined in blood sera of 133 patients (82 cases and 51 controls) and in cell lines (Gleason score 9-derived 22Rv1 and normal tissue derived PNT1A) on mRNA and protein levels. Alpha-methylacyl-CoA racemase (AMACR), metallothionein classes 1A and 2A (MT1A and MT2A) were determined and compared to prostate specific antigen (PSA) levels. On mRNA level, significantly increased expression of MT2A (2.4-fold), PSA (2.6-fold) and AMACR (8.4-fold) and insignificantly (1.9-fold) elevated MT1A in 22Rv1 compared to non-tumor PNT1A were determined. On protein level, significant enhancement of free PSA and total PSA in tumor cell line was evident. AMACR protein was 1.5-fold elevated in tumor line (below the level of significance). Contrary to mRNA, significantly (p = 0.01) reduced level of MT protein in tumor lines was determined. In the case of serum level, significantly enhanced MT level (4.5-fold) in patients' sera was found. No significant changes were observed in the case of AMACR. These findings indicate possible alternative role of MT to PSA prostate cancer marker. In addition, level of AMACR is distinctly higher in the Gleason score 9 in serum of patients and MT shows a descending trend in relation to Gleason score.
Prostate carcinoma is one of the most studied oncological diseases due to its high incidence in male population. It represents one of the most frequent cancers in developed countries and common cause of cancer-related death [1, 2] . Recently significantly increased number of newly diagnosed patients suffering from this malignant disease is directly related to introduction of prostatic specific antigen (PSA) evaluation to the clinical practice [3] [4] [5] [6] [7] . This marker enabled detection of early stages of disease, undetectable when commonly used rectal investigation is employed. PSA screening contributed towards 20% reduction of mortality. It is well evident from the study focused on the European medical institutes published in the prestigious New England Journal of Medicine [8] . Ascertained reduction of mortality is caused by the fact that PSA screening is able to detect early stages T1 and T2 of prostate carcinoma, otherwise non-detectable by the conventional methods, such as digital rectal investigation. Tumors of stage T3 and T4, which are usually associated with tissue invasion or metastasizing, are often incurable and the therapeutic approach is based on a palliative treatment only. Despite the evident benefit of PSA evaluation, digital rectal investigation has its importance in the diagnostics and it should not be neglected by a general practitioner [9, 10] . Besides PSA, there have been identified and tested other markers [11] [12] [13] [14] [15] [16] , including those detected in urine [17] .
On the other hand, it is necessary to accentuate that a large amount of tumors is asymptomatic (up to 80 %).They are usually evidenced only at dissection of departed in connection with other cause of disease or at surgery [17] . Based of above mentioned facts, it is proper to sub-classify prostate tumors into two groups: 1. significant tumor swith direct risk to a life; 2. non-significant tumors, where risk to a life is highly improbable. Currently used diagnostic methods including PSA determination, digital rectal examination, transrectal ultrasonography or biopsy, are not able to differentiate between aggressive and latent forms of tumor. All bioptically (histologically) verified prostate carcinomas are treated as significant, dangerous tumors with direct risk.This therapeutic approach leads to the significant reduction of quality of life because of important side effects of the treatment. Erectile dysfunction is detected in more than 70% and urinary incontinence in approximately 10 % of patients after radical prostatectomy. However, there is significant rate of patients who are treated in vain [18] . Due to these facts, it is quite necessary to find such prostate carcinoma markers that are useful for distinction of aggressive and latent tumor forms already at early stages of the disease [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] . Metallothionein (MT) and alpha-methyl CoA-racemase (AMACR) belong to the possible markers of prostate carcinoma at early stages, but their clinical potential must be still investigated.
Metallothioneins (MT) represent proteins of low molecular weight (6-10 kDa) with high rate of cysteine (Fig. 1) . Presence of -SH group-containing amino acids is directly connected with the ability of these proteins to bind various metal ions [31] [32] [33] . Therefore, metallothioneins play a crucial role in transport of metal ions, their detoxification and protection of cells against oxidative stress connected with effects of the metal ions [34] . These proteins are involved also in regulation of apoptosis; their increased levels have antiapoptotic effect. In addition, metallothioneins regulate level, activity and cellular localisation of transcriptional factor NF-κB, which activates antiapoptotic genes Bcl-2, c-myc and TRAF-1 that belong to the group of prooncogenes. This antiapoptotic cascade can be efficient as the protective mechanism of prostate carcinoma cells against apoptotic signals at their proliferation [35, 36] .
Alpha-methyl CoA-racemase (AMACR) is peroxisomal and mitochondrial enzyme involved in beta oxidation of branched fatty acids, catabolism of bile acids metabolites and ibuprofen metabolism [37] . Ibuprofen belongs to a class of drugs called non-steroidal anti-inflammatory drugs, such as aspirin. They are used for the management of mild to moderate pain, fever, and inflammation. Increased levels of AMACR have been described in adenocarcinomas and high grade prostatic intraepithelial neoplasia [38] . On the other hand, low levels of this marker have been described in benign hyperplasia and in atypical adenomatous hyperplasia [39] [40] [41] . Thus, AMACR is well established tissue prostate cancer biomarker [41] . Moreover, it has been demonstrated that high level of AMACR affects progression of prostate cancer due to 1. more energy-efficient utilization of fatty acids [39] , 2. AMACR-substrate-mediated oxidative stress, and 3. affection of nuclear hormone receptors.
Cellular processes in prostate carcinoma cells were investigated especially using cell lines LNCaP (androgen-sensitive), PC-3 (androgen-resistant), and DU 145 (androgen-resistant). These lines don't represent ideal model because they differ from in vivo state and they are derived not from primary tumor but from metastatic dissemination in bones (PC-3), brain (DU 145), and lymphatic nodes (LNCaP). Cell line 22Rv1 represents poorly differentiated primary prostate adenocarcinoma of Gleason grading score 9. Cell line expresses androgen receptor (AR) and synthesizes high amounts of PSA [42] . Cell line 22Rv1 is more suitable model of prostate adenocarcinoma because of reduced genetic variability and lower rate of aneuploidy -karyotype 50 XY (trisomy of 7, 8, 12) , DNA index 1.30 (PC-3: 1.84 and LNCaP: 2.09) in comparison with other cell lines [42] .
Aim of the present study was to compare the level of putative prostate cancer markers in sera of patients with prostate cancer and healthy volunteers and to compare the expression of these markers and other proteins connected with tumor behaviour (apoptosis regulation, invasivity and zinc metabolism) on mRNA and protein level in 22Rv1 prostate cancer cell line and control prostate cell line.
Material and Methods
Cell lines, blood sera. Control cell line derived by immortalisation of normal prostatic epithelial cells of 35-year old man obtained post mortem (PNT1A) and 22Rvl cell line derived from xenograft passaged on castrated mice were used in this study. These cell lines were purchased from the HPA Culture Collections (Salisbury, UK). 22Rv1 and PNT1A cells were cultured in RPMI-1640 medium with 10% FBS. Medium was supplemented with penicillin and streptomycin (1U/mL), and the cells were maintained at 37 °C in a humidified incubator with 5% CO 2 . Sub-cultivations of the cells were carried out after 21 days. Once the cells grew up to ~ 75% confluence of the culture, the cultivation medium was replaced by fresh medium for 24 h to synchronize cell growth. Proteins from these cell lines and from tested blood sera of patients were isolated by the use of RIPA buffer by the mechanical homogenisation or heat denaturation (99 °C) of obtained material. Heat lysates were subsequently subjected to electrochemical determination of MT, PSA and AMACR was determined in RIPA lysates.
Patients with diagnosed prostate carcinoma. Blood sera of patients with histologically verified prostate adenocarcinoma (82 samples) were compared to 51 controls (Fig. 2) . Average age of patients was 63 years (40-78). Tumors were classified from high to low differentiated tumors with Gleason score, describing rate of tumor differentiation, in the range between 5 and 10. Pathological staging of samples varied from 1c to 4, all patients were without dissemination into adjacent lymphatic nodes or organs. There were 80 % of non-smokers, 12 % of smokers and 8 % of stop-smokers in the set. Forty percentof patients were without co-morbidities, 37 % of patients suffered from one co-morbidity, 7 % of patients had 2 and the rest of patients had 3 and more co-morbidities. Hyperlipoproteinaemia was diagnosed in 24 % of patients, hypertension in 47 %, ischemic heart disease in 7 %, diabetes mellitus of the second type in 7 %, ischemic disease of lower extremities in 2 %, ulcer disease of gastroduodenum in 5%, and history of other tumor disease in 1 % of patients. In the control group, there were 51 tested probands. Age of control group varied from 18 to 55 (38 at average). Tested blood sera were obtained from Urology clinic, St. Anne´s University Hospital in Brno, Czech Republic. Enlistment of patients into realised clinical study was approved by the Ethic commission of the Faculty of medicine, Masaryk University, Brno, Czech Republic.
Polymerase chain reaction. High pure total mRNA isolation kit (Roche, Switzerland) was used for mRNA isolation from cell lines. Isolated mRNA was transcribed into cDNA by the use of Transcriptor first strand cDNA synthesis kit (Roche, Switzerland) in accordance with manufacturer's propositions. Electrochemical detection of metallothionein. Electrochemical detection was used for quantification of metallothionein [43] . Detection was carried out using AU-TOLAB Analyser (EcoChemie, Netherlands) with classical three-electrode arrangement using of differential pulse voltammetry Brdicka reaction. Analysed sample was accumulated on the surface of a working electrode which is represented by hanging mercury drop electrode. After accumulation, detection proceeded in a supporting electrolyte containing cobaltic (cobalt(III)) salt in ammonia buffer of pH = 9.6 [33, 44] .
Gel electrophoresis, western blotting. Samples were separated on 10 % SDS-PAGE gels (BioRad, USA) and stained by silver nitrate (kit BioRad, USA, under manufacturer´s propositions) and simultaneously blotted on a nitrocellulose membrane and immunodetected by specific antibodies. Dotblots were used for rapid orientation. Serum samples were 8-fold diluted. Membranes were incubated for 1 h in 5% milk and for 12 h in primary antibody (1:500), washed and incubated in secondary antibody (1:2000) . Polyclonal rabbit antibody (Santa Cruz Biotechnology, USA) was used against metallothionein, isoforms 1 and 2, polyclonal rabbit antibody (Clonestar, CZ) was used against AMACR. Monoclonal mouse antibody (Santa Cruz Biotechnology, USA) was used for detection of PSA.
Descriptive statistics.Obtained results were evaluated using software Statistica 9 (StatSoft, USA). For better comparison of data sets, measured protein data were normalized to the range 0-1. To disprove null hypothesis that cell line mRNA, protein and serum levels of specified genes are equal, t-tests were used. Correlation matrices were used for finding of correlations between tested compounds. Cluster analysis (K-means) was employed for orientation in the set of patients. Significance level p = 0.05 was established for determination of significantly different value. In addition to mRNA level, the protein level of all three observed markers was also determined (Fig. 3D-F) . Enhancement of free PSA and total PSA in tumor cell line was well evident at the protein level. AMACR was insignificantly elevated in the tumor line (1.5-fold, p = 0.132). Interestingly, significantly (p = 0.01) reduced level of metallothionein protein in tumor cells was observed (Fig. 3D) .
Results

Molecular
Clinical study in patients suffering from malignant disease. Metallothionein, AMACR, free PSA and total PSA levels were detected in the blood serum of prostate cancer patients and volunteers to assess their applicability as markers of prostate cancer. Our group has previously shown that serum MT levels are elevated with high level of specificity and sensitivity in prostate cancer patients with possible application as an additional tool for prostate cancer diagnosis [23] . Compared to previous study, in this paper the group of tested samples has been enlarged. The levels of potential tumor markers were compared between each other to reveal potential relationship, which has never been done before for this combination of genes.
PSA was determined as a widely used marker to compare potential markers to it. Significantly higher PSA level (p = 0.001) and significantly (p < 0.001) lower free/total PSA ratio in patients were observed. In addition, higher metallothionein content with high level of significance (p < 0.0001, Fig. 4A ) was well evident. This fact also supports the hypothesis that metallothionein is increasingly transported from prostate cancer cells to the extracellular space. Interestingly, metallothionein levels varied distinctly less than PSA levels in control group (displayed as a variation coefficient 14.1 % and 75 % for MT and PSA, respectively, Fig. 4B ).This finding suggests that MT level is faintly affected by the tumor stage, grade, or clinical data. In terms of serum AMACR levels, no significant changes between patients and controls were detected in blood serum (Fig. 4C) . No significant correlations between AMACR, MT and PSA were observed. Hierarchical tree clustering analysis of genes did not reveal any specific groups of patients (not shown).
In addition, correlations and t-tests were carried out with data obtained from clinical records. Subsequently, patients were divided into groups by presence of various common diseases, smoking habit, tumor size and its differentiation. No statistically significant differences between localised tumors (T1, 2) and tumors that extend through the prostate capsule (T3, 4), and monitored markers have been detected (data are not shown). As the tumor differentiation (good vs. medium vs. poorly differentiated) is concerned, significantly higher (1.8-fold, p = 0.005) total PSA was determined in poorly differentiated tumors as compared to the others (data not shown). However, no similar correlation was observed in AMACR and MT. Levels of monitored markers were not changed in connection with associated disease -hypertension, ischemic heart disease and hyperlipemia and duodenal ulcer. Significantly higher (2-fold) AMACR level in group of patients with ischemic disease of lower extremities was observed. However, due to the limited number of participants with this disease in this study (N = 3) the robustness of this finding is limited and needs to be verified on larger file. No differences in monitored markers between smokers and non-smokers have been evident in all studied genes (data not shown).
Metallothionein showed an inverse, decreasing trend depending on Gleason grading (Fig. 4D) . Increased level of metallothionein makes this protein possible candidate of tumor marker of prostate adenocarcinoma that is minimally influenced by the clinical status of the patient. Its level is not affected by smoking, age, and co-morbidities. Observed descending trend of serum MT in relation to Gleason grading score is interestingly an inverse one as compared to similar trend in PSA, and needs to be elucidated in further studies. No statistically important correlations between the age of 
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patients and all monitored proteins in serum were proved. In the dependence on Gleason grading score of malignant disease, AMACR did not show significant trend, however, was distinctly higher at T4 stage of TNM classification (Fig. 4E) .
Discussion
The finding shown in Fig. 3 is in the contradiction with MT mRNA level. This fact suggests a conclusion that metallothionein is transported to the extracellular space by still unknown mechanisms (increased MT on mRNA and reduced MT on the protein level). Due to the transport of MT out of the cells, its level is significantly reduced in intracellular space. With respect to the MT relation to zinc ions, whose metabolism is abnormal in the prostate tumor tissue, MT participation on pathogenesis of malignant disorder can be expected [45] [46] [47] [48] [49] [50] [51] [52] [53] . To date, there is no evidence in the literature determining metallothionein level in 22Rv1 and PNT1A cell lines, however, there were done some experiments describing behaviour of RWPE-1 cell line, which revealed similarities of behaviour of this cell line with prostate tissue [54] as well as in the case of PC-3 cell line [55] . Moreover, it was found that MT was up-regulated under hypoxia in prostate cancer cells (LNCaP and PC-3) and overexpressed in prostate cancer tissue and residual cancer cells after androgen ablation therapy [56] . Besides other published studies, our finding is in agreement with results determining MT content in tissue samples. MT reduction in tumor tissue was reported by Suzuki et al. [57] . Similarly, Wong et al. presented lower MT content in the tumor tissue compared to benign prostatic hyperplasia [58, 59] . The association between cadmium coming from smoking and MT on protein level and prostate carcinoma risk was also found [60] , but the mRNA level of MT could be decreased in prostate carcinoma patients compared to benign hyperplasia ones both associated with smoking [59] .The clinical importance of MT on protein level was also shown by Athanassiadou et al. [61] . It has been shown that MT1 and MT2 tissue levels vary in individual prostate cancers to that found in the normal prostate gland, while higher MT content correlates with tumor grade. As mentioned previously, AMACR may be utilized immunohistochemically as a prostate cancer tissue biomarker [41] .
In this study, we demonstrated similar results on mRNA and protein as previously shown in biopsies [62] .
None of the studied markers meets requirements of marker of aggressive form of malignant disease. This predication is based on the presumption that a majority of prostate tumors is latent and slowly-growing (stages T1 and 2) and only a minority of them demonstrates aggressive growth (stages T3 and 4). No significant differences in monitored proteins have been determined between these two groups. However, level of patients´ blood serum AMACR is of in the Gleason score 9 distinctly higher and level of MT shows a descending trend in relation to Gleason score. Although AMACR does not differ between patients and controls, this preliminary data suggest that these markers are somehow related to tumor grade. It was previously shown that AMACR, as a tissue marker for prostate cancer [41, 63] , is higher in high-risk forms of cancer such as untreated metastases or hormone refractory cancer [38] . Wright et al. explored the potential relationship between AMACR polymorphisms, red meat/dairy intake, and prostate cancer risk. They found that no effect modification of AMACR polymorphisms by either dietary red meat or dairy intake on PCa risk was observed [64] . Besides AMACR itself, there were identified other promising markers correlated with the presence of a tumor [65] . One may speculate that similar trend could be reflected in the serum level of AMACR as well.
In conclusion, it is necessary to verify these facts in the extensive group of patients including those with disseminated (metastasizing) disease in a follow-up study. Although metallothionein does not fulfil the conditions for marker of aggressive form of disease, it is the only compound distinctively enhanced in the blood serum of patients suffering from prostate tumors in this study. It can be concluded that MT may be as the only from monitored markers used as a supplement or addition to PSA screening. However, its application must be further verified on more extensive group of patients.
Conclusions.
Metallothionein has been previously demonstrated by our group as a prostate cancer tumor marker with high sensitivity and specificity [23] . In this study, we demonstrate that alpha-methylacyl-CoA racemase does not differ in serum of prostate cancer patients and controls, however, AMACR is distinctly higher in high-grade (Gleason score 9) tumors and level of MT shows a descending trend in relation to Gleason score. These preliminary data suggest that these markers are somehow related to tumor grade. At the level of tumor tissue (represented by cell line model in this study), it was demonstrated that although AMACR protein level does not differ significantly, tissue mRNA differ distinctly presented by higher levels of AMACR. In the case of metallothionein, contradictory findings on mRNA and protein level were observed. At the mRNA level, MT is higher in tumor cell line; however, MT is higher in non-tumor cell line at the protein level. Probable explanation of this assumed discrepancy is excretion of metallothionein from prostate cancer cells. These data suggest that MT and AMACR are in some way involved in disease pathogenesis or progression. Clarification of this way might contribute to understanding of this prostate cancer with potential novel targeted therapeutic approaches.
From the point of view of clinical significance of our results it can be concluded that metallothionein can be considered as a promising marker of prostate cancer. Moreover, this marker has been found elevated even in other types of cancers such as breast carcinoma [66] , head and neck cancer [67] , medulloblastoma [35] , melanoma [68, 69] and other [70] [71] [72] [73] [74] . Nevertheless, combination of MT and PSA levels could be of prognostic significance due to possible revealing of false positive results, but this assumption needs to be investigated in greater details. We can also suggest using AMACR, which could be used in diagnostics for some relations to Gleason score.
Acknowledgements: Financial support from IGA MZNS10200-3 is greatly acknowledged. Lung cancer is a leading cause of cancer deaths around the world. Both the worsening of the risk factors for the disease and the aging of population may be the two major contributors to current status. Lung cancer has become one of the most common malignant neoplasm in China [1, 2] . The majority of patients are already in a fairly advanced stage when they first seek medical attention and only 25-30% of patients can be offered therapeutic resection at most [3] . Characteristically, lung cancer arising from bronchial mucosa (central type lung cancer) at its initial development is radiological occult. The intra-epithelial neoplastic lesions may be asymptomatic and can only be identified by direct visualization at bronchoscopy. Screening test using sputum cytology has been used with limited success [4] . Evaluation of low dose spiral computer tomography (CT) scan as screening tool for lung cancer is being studied [5] , and its limitations include high costs, need for repeated scanning and requirement of histological confirmation. Bronchoscopy technique is a promising tool in the early diagnosis of lung cancer in high risk patient groups [6] , as it allows to visualize early morphological changes in lung and to take samples for pathological confirmation.
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Fiberoptic video bronchoscopy for localization of early neoplastic changes in the bronchial mucosa was clinically introduced in the early 1980s. The method was based on the principle associated with light absorption to provide contrast between normal and abnormal tissue. WLB has reportedly increased the identification and localization of early neoplastic lesions of bronchial mucosa [6] . The established applications of WLB include sputum examination, examination of patients with prolonged cough and hemoptysis, follow-up for airway recurrence after surgery, and monitor therapeutic effect on tracheal tumors.
The aim of this study was to evaluate the uses of WLB to detect and localize the precancerous and cancerous lesions, in addition to analyze the morphologic presentation, their association to histological type and the variation between genders.
Patients and Methods
4983 patients underwent routine WLB examination during 2004 to 2009 at our department. Olympus BF -260, BF-1T260, BF-240 bronchofiber videoscopes and EVIS LUCERA system, also from Olympus (Olympus, Japan) were used for the examination. 5mg diazepam was given 1hour before examination, followed by 0.5mg intra-muscular injection of atropine and WLB examination was performed under local anesthesia with three subsequent sprays of 7 % lidocaine each at five minutes interval; the samples were obtained using suitable approach such as forceps biopsy, transbronchial needle aspiration and bronchial brushing with aspiration. 1489 patients were histopathologically confirmed as lung cancer. All the confirmed cases of lung cancer were included into the study. The following parameters were collected: morphologic presentation, biopsy sites, and histology. The patients' records of age, sex, smoking status, blood-gas, X-RAY/CT, CBC, ECG, PT, and APTT were also obtained for analysis.
Statistical analysis. Descriptive data were recorded for all parameters. The clinical variables including pathological and bronchoscope reporting were processed using SPSS 13.0 statistical software, and X 2 test was done for relative frequency representation. The p<0.05 was considered statistically significant.
Results
Gender distribution. Among the all patients who underwent WLB, 3314 were male and 1669 were female. Within 1,485 confirmed lung cancer cases, the male to female ratio was 1150:339. The incidence among male patients was significantly higher than in female (X 2 Table 1) . Age distribution. The incidence of lung cancer was found to relate to age of patients significantly (Pearson correlation coefficient: r = 0.112, p < 0.001) (Table3). Pathological con- lobe (342, 23.0% ). The right upper lobe lesion was more common than left upper lobe lesion. For male patients, squamous cell carcinoma was more frequently found in upper lobe involvement, however, squamous cell carcinoma was more frequently found in left main bronchus in female patients. Adenocarcinoma was mostly found in upper lobe. For male patients, small cell lung cancer was more frequently found in the right and left upper lobes, however, for female patients, small cell cancer was more commonly presented in right upper, middle and left upper lobe. Involvement of the trachea and carina was seen in 16 patients, of which 10 cases were of squamous cell carcinoma. Multiple lobe involvement was seen in 53 patients, and included 18 cases of squamous cell carcinoma, 18 cases of small cell cancer, and 17 cases of adenocarcinoma. Bilateral lung field involvement was found in 4 cases (Table 4) .
Morphologic presentation and Microscopic view. 1023 cases of hyperplasia (68.7%) were observed, and these had multiple patterns (mainly nodular, cauliflower-like, polyploidy and irregular). 391 cases of invasive lesion (26.3%) showed mucosal roughening, congestion, edema, erosion, necrosis, and purulent secretion under the microscope. 50 cases of compression (3.4%) and 25 cases with normal presentation (1.7%) were observed. Proliferative type of cancer was found in 80.2% of squamous cell carcinoma cases and in 76.2 % of small cell carcinoma (Table 5 ).
Discussion
In previous study, less than 15% of all patients survive five years after a diagnosis of lung cancer [6] . Due to the absence of a reliable screening program, less that 15% of patients are diagnosed with an early stage I of cancer. In China and across the globe, 80% of patients are ineligible for surgical resection at diagnosis, mostly because of advanced stage of cancer and poor general condition. Among the methods used for diagnosis of lung cancer, bronchoscopy serves as an important tool involved with diagnosis, staging, and management of lung cancer [7] . Technological improvements have allowed newer modalities to evaluate endobronchial, parenchyma, and mediastinal pathology [8] . However, conventional techniques such as white light video bronchoscopy and its ancillary procedures (forceps biopsy, brush biopsy, bronchoalveolar lavage, bronchial washings, and transbronchial needle aspiration) are still reliable routine methods to determine tumor location, [8] have reported a diagnostic accuracy of 70-95%, depending upon several factors including operator and cytopathology expertise. In our study, 4983 patients underwent WLB examination, of which 1489 were found to have hyperplasia or neoplasic lesions in lung by WLB and later pathologically confirmed as lung cancer. The consistence between WLB and pathologically confirmation was 100%. The remaining 3498 patients were pathologically negative and having diagnosed as other lung diseases and later discharged from our hospital. However, we cannot rule out future development of cancerous lesions even in these negative patients.
Lung cancer was more frequently found in male subjects (77.2%), which is consistent with earlier findings [9] [10] [11] . Our results showed that there was a 3.39 times higher possibility of lung cancer in male subjects than in female subjects when they had WLB examination (Table1). Moreover, the incidence of squamous cell carcinoma was 54.5% in male and 15.6% in females. One possible explanation to this tendency is that men have much higher prevalence of smoking than women in China [10] [11] [12] [13] [14] [15] [16] [17] . Chinese National Tobacco Prevalence Survey in 2002 reported current smoking prevalence of 57.4% for men and 2.6% for women [14] .
Of the 1489 diagnosed cases of lung cancer, squamous cell carcinoma was 45.7%, small cell carcinoma 29.0%, adenocarcinoma 25.2%, adenosquamous carcinoma 2%. Since WLB examination was quite reliable and accurate, and it should be the initial clinical investigation once clinical features indicate possible bronchial lesion in chest [18] . The female cases had a higher incidence of adenocarcinoma (50.2%) than small cell carcinoma (34.2%), which is consistent with earlier findings related to the occurrence of lung cancer type in female subjects [11, 19, 20] . We also observed a yearly increase in the incidence of squamous cell carcinoma among female subjects, perhaps due to the increase of female smoking behavior in China recently [21, 22] (Table 2) .
The results show a positive relation between incidence rate of lung cancer and the age of patient. The high incidence of lung cancer among elderly subjects may be related to factors like smoking status, food habit, occupational exposure and infectious diseases [19, 22, [23] [24] [25] . Moreover, the lack of observed gender predisposition for lung cancer types among subjects more than 60 years of age supports ours assumption that the elderly in China are predisposed to malignancy [26] ( Table 3) .
Bronchial carcinomas typically involve main, middle and segmental bronchus. Our results show a higher incidence in right lung and in upper lobe. These findings are possibly related to the variation in vascular, lymphatic and anatomic structures. Earlier study [6] has shown a correlation between morphological abnormality and pathological types. This study found that morphological patterns of lung cancer were related to cancer types and these findings can be used for preliminary diagnosis before pathological confirmation. Our study found that adenocarcinoma presents with an invasive pattern, while squamous cell carcinoma and small cell carcinoma have a proliferative presentation under the WLB (Table 4, Table 5 ).
The major limitations of WLB are that some of the early precancerous lesions may have a normal appearance using white light bronchoscopy, and WLB cannot detect lesions in the distal regions of lungs. In the past 10 years, several new methods have been developed in order to improve the detection of early cancerous/precancerous lessions, such as autofluorescence bronchoscopy (AFB), narrow band imaging (NBI), fibred confocal fluorescence microendoscopy (FCFM) and ultrasonic endoscopy. Based on the finding that bronchial mucosae fluoresces in premalignant and malignant tissues to a lesser extent than normal tissues, AFB can provide more precise and more sensitive detection of early lesions using its dual real-time imaging of video white light and AFB. However, AFB also has some limitations as it is unable to differentiate early precancerous lesions from inflammatory changes in the bronchial tree. Another common difficulty of early bronchoscopic detection is related to its limitation to the proximal bronchial tree and difficulty in detecting distal metastatic lesion [27] . Narrow Band Imaging (NBI) is a new imaging modality that can be used to observe microvessel structure by adding a NBI filter on a videoscope. Its advantages include showing micovessels of the bronchial mucosae as black images with high contrast, which can provide better discrimination between dysplasia and regular metaplasia compared to normal AFB. However NBI has no advantage in detection of invasive cancer, as reported in a study with small number of patients [28] . Fibred confocal fluorescence microendoscopy (FCFM) uses a flexible miniprobe with an outer diameter of 1 mm that is introduced into the working channel of the bronchoscope and applied to the tissue. The major advantage of FCFM is that it can produce very precise microscopic fluorescent images of the bronchial basement membrane zone in real time. It can be used to study specific basement membrane remodeling alternations or malignant/premalignant alterations. Another advantage of FCFM is the use of the miniprobe to image distal structures in vivo, such as the alveolar ducts, and intra-acinar sacs. However, it cannot clearly separate the different grades of progression of the precancerous bronchial lesions, such as metaplasia/dysplasia/cancinoma in situ, from each other. Using non-toxic dye may be a solution, however, further studies and confirmations are required to test this new technique [29] . Endobronchial ultrasound (EBUS) has advantages in staging lung cancer and the diagnosis of malignant and benign mediastinal lymphadenopathies. Currently, the negative predictive value of EBUS is still inferior to mediastinoscopy. EBUS requires extra training beyond conventional bronchoscopy. The price and running costs is still higher than mediastinoscopies [30] .
In conclusion, WLB is an efficient and cost effective method to detect pre-invasive and invasive bronchial cancer lesions. Our study indicates that WLB may still be used routinely in the screening of lung cancer as it can detect early premalignant and malignant lesions by the excellent bronchial mucosa representation. It can precisely locate the correct site for obtaining biopsy samples and can improve the accuracy of pathological confirmation. In the future, the combination of WLB and other techniques will provide more precise and more sensitive detection, and will have ever expanding applications in clinical medicine and research.
